Extensive biodegradation of TNT (2,4,6-trinitrotoluene) ['4C]TNT following incubation with the fungus in soil or liquid cultures. When the concentration of TNT in cultures (both liquid and soil) was adjusted to contamination levels that might be found in the environment, i.e., 10,000 mg/kg in soil and 100 mg/liter in water, mineralization studies showed that 18.4 ± 2.9% and 19.6 + 3.5% of the initial TNT was converted to 14C02 in 90 days in soil and liquid cultures, respectively. In both cases (90 days in water at 100 mg/liter and in soil at 10,000 mg/kg) approximately 85% of the TNT was degraded. These results suggest that this fungus may be useful for the decontamination of sites in the environment contaminated with TNT.
The compound TNT (2,4,6-trinitrotoluene) is the predominant conventional explosive used by military forces (27) . Unfortunately, past practices for the disposal of TNTcontaining wastes generated during the production of TNT and of military ordnance which use TNT have led to soil, sediment, and water contamination (24, 27) . This is of concern because exposure to TNT is known to cause pancytopenia, a disorder of the blood-forming tissues characterized by a pronounced decrease in the number of leukocytes, erythrocytes, and reticulocytes in humans and other mammals (12) . Also, TNT is toxic to fathead minnows (Pimephales promelas) and bluegills (Lepomis macrochirus) at concentrations of 2 to 3 ,ug/ml (13, 26) . It is also toxic to certain green algae (Selenastrum capricornutum, Microcystis aeruginosa, Chlamydomonas reinhardtii), tidepool copepods (Tigriopus californicus), and oyster (Crassostrea gigas) larvae (13, 26, 28) . Additionally, TNT is a mutagen as assayed by the Ames test (28) .
Recent studies have shown that the wood-rotting fungus, Phanerochaete chrysosporium, possesses remarkable biodegradative properties (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 20) . This fungus is one of the relatively few microorganisms known to be able to degrade lignin, a naturally occurring and recalcitrant biopolymer, to carbon dioxide (3, 14, 16, 17, 21) . P. chrysosporium is also able to degrade a wide variety of environmentally persistent xenobiotics to carbon dioxide, including a number of chlorinated hydrocarbons such as DDT [1,1,1-trichloro-2,2-bis (4-chlorophenyl)ethane], lindane (1,2,3,4,5,6-hexachlorocyclohexane), chloroanilines, and polychlorinated biphenyls (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Recent evidence suggests that the ability to degrade such a diverse group of compounds is dependent on the nonspecific and nonstereoselective lignin-degrading system which is expressed by this organism under nutrient (nitro-* Corresponding author. gen, carbon, or sulfur)-limiting conditions (1-11, 14, 17) . It has recently been shown that lignin peroxidases from this fungus are also able to catalyze the initial oxidation of a number of environmentally persistent xenobiotics (7, 10, 11, 25) . However, Kohler et al. observed that lignin peroxidases of P. chrysosporium have no role in the initial oxidation of DDT (19) .
The purpose of this investigation was to determine whether P. chrysosporium would grow in the presence of a highly toxic contaminant like TNT at concentrations that occur in the environment and whether it would degrade the TNT. Because P. chrysosporium has the ability to degrade a wide variety of environmentally persistent organopollutants to carbon dioxide, we have suggested that this microorganism may be useful in certain hazardous waste treatment systems (8) . In this study, the ability of P. chrysosporium to degrade TNT-contaminated water and soil was investigated by adjusting the TNT concentration equivalent to contamination levels found in the environment. (Fig. 1) . Supplemental glucose (equivalent to 56 mM), added to the cultures on day 18, did not affect the evolution of 14CO2, so the experiment was terminated after 24 days of incubation and a mass balance analysis was performed. A total of 35.4 ± 3.6% of the total radioactivity was evolved as 14CO2, 25 .1% was present as watersoluble metabolites, 15.7% was found in the methylene chloride fraction, and 17.3% was associated with the mycelial fraction. A total mass recovery of 93.5% was achieved. HPLC analysis (Fig. 2) (Fig. 3) . Mass balance analysis of cultures of P. chrysosporium incubated with [14C]TNT in a soil-corncob matrix for 30 days revealed that 6.3 + 0.6% of the recovered radioactivity was evolved as 14CO2, 63 .6% was present in the acetonitrile extract, and 25.2% was unextractable and was present in the soil-corncob matrix. This material could not be identified as it could not be extracted from the matrix. A total mass recovery of 95.1% was achieved. HPLC analysis (Fig. 4) in the culture medium was less than 3%, and the additional supply of glucose had no effect on the restoration of mineralization.
Previous research has shown that, in general, TNT is quite resistant to biodegradation by most bacteria and fungi (22 (22, 24) .
The concentration of TNT in effluents from TNT manufacturing processes is, on average, about 20 mg/liter (22) , and the concentration of TNT in contaminated soil may be as high as 10,000 mg/kg. Interestingly, high concentrations of TNT were not lethal to the fungus in these experiments and considerable quantities of TNT were degraded. We have suggested that P. chrysosporium may be useful in the biodegradation of hazardous wastes in waste treatment systems (8) . When compared with costly and tedious physical decontamination processes, the P. chrysosporium system used in this study reveals that a versatile organism such as P. chrysosporium may provide a more economical biological treatment system that could be applied to in situ decontamination processes when the conditions are adapted for the growth of the fungus. The enzymes involved in the degradation of TNT and the identities of the intermediates are under investigation.
